Background: Primary Sjögren's syndrome (pSS) is a chronic autoimmune disease characterized by inflammatory lymphocytic infiltration of the salivary glands, leading to dryness of the mouth (xerostomia). It has been postulated that xerostomia is the preceding stage for the development of alterations in taste acuity (dysgeusia) in this type of patients. Objectives: To determine detection and recognition thresholds to the 4 basic tastes (sweet, salty, sour and bitter) in pSS patients and compare them to a control group. To determine if the long-term consumption of chile peppers and spicy Mexican diets had an effect on the taste perception and acuity of the pSS patients. Interventions: Detection and recognition thresholds were determined by the method of least noticeable differences on three occasions during three nonconsecutive days. Saliva production was determined by Saxon's test on two separate occasions. Results: Although saliva production was severely reduced in pSS patients (1.3570.55 ml/2 min, Po0.001) compared to controls (6.2672.41 ml/2 min), all subjects recognized the 4 basic tastes when these were tested at suprathreshold concentrations. The detection thresholds for the sweet, sour and bitter tastes were higher in pSS patients, as well as the recognition thresholds for the salty, sour and bitter tastes. A relationship between time of evolution of the disease and saliva production with individual thresholds could not be established. Conclusions: pSS patients exhibited different degrees of dysgeusia depending on the taste being studied, that is, they were mildly dysgeusic for the sweet and salty tastes and clearly dysgeusic for the sour and bitter tastes. Although both pSS patients and controls had consumed 'typical Mexican diets' their entire lives, our results showed that the consumption of chile peppers and spicy foods did not have any effect on the taste perception and acuity of the pSS patients.
Introduction
Primary Sjögren's syndrome (pSS) is a chronic autoimmune disease characterized by inflammatory lymphocytic infiltration of the exocrine glands in the absence of other connective tissue diseases such as rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE) (Montanaro, 1996; van der Reijden et al, 1999) . The salivary and lacrimal glands are the main targets of this disease leading to dryness of the mouth (xerostomia) and of the eyes (xerophtalmia). Xerostomia occurs in about 95% of pSS patients (Fox & Howell, 1986; Kelly & Foster, 1991) and common signs include thirst and burning sensations, inflammation of the tongue (glossitis) and lips (cheilitis), cracking of the corners of the lips (cheilosis), geographic tongue, difficulties to chew and swallow (dysphagia), severe dental caries, progressive dental decay, difficulties to wear dentures and nocturnal oral discomfort (Kolsen-Petersen, 1986; Tsianos & Vasakos, 1986; van der Reijden et al, 1999) . It has also been reported that pSS patients may develop disturbances in smell perception (dysosmia) (Weiffenbach & Fox, 1993) and in taste acuity (dysgeusia) (Weiffenbach et al, 1986) .
Saliva plays a role in the digestion of starch in foods as well as in the perception of taste (Pedersen et al, 2002) . Saliva moisturizes the food and releases the substances responsible for taste stimuli, transporting them to the sensory papillae on the tongue to be detected (Matsuo, 2000; Pedersen et al, 2002) . Henkin et al (1972) , determined the detection and recognition thresholds for the 4 basic tastes in pSS patients and concluded that saliva was necessary to maintain normal taste acuity. Many years later, Weiffenbach et al (1986 Weiffenbach et al ( , 1995 also determined the detection thresholds for the 4 basic tastes in pSS patients, concluding that there was no simple causal chain running from salivary gland dysfunction to sensory loss and to taste complaints. The common finding in these studies was that detection and recognition thresholds to the 4 basic tastes were higher in pSS patients than in controls.
While this study was being carried out, this group of Mexican pSS patients reported that they modified some of their dietary habits because of difficulties in biting, chewing or swallowing some types of foods (dysphagia), a finding similar to what was reported by others (Fox et al, 1985; van der Reijden et al, 1999; Pedersen et al, 2002) . The most common modifications included to soak or to overcook certain foods to make them softer, to chop and cut some meats and fruits to make them smaller and to reduce the consumption of irritant foods and spices. We also determined that the daily dietary intake of vitamin B 6 (pyridoxine) was below that of the RDA for this age and group of the population producing a biochemical deficiency of pyridoxine that was corrected by vitamin supplementation (Tovar et al, 2002) . The low dietary intake of vitamin B 6 was determined to be the result of a reduced consumption of foods rich in this vitamin such as grains and cereals. A more recent study also reported several nutritional deficiencies in this type of patients (Cermak et al, 2003) .
It is well known that typical Mexican food is hot (picante) and spicy, due to the almost ubiquitous use of chile peppers. Soto-Rojas et al. (1998) studied a group of Mexican pSS patients and reported that 68% of them had high sensitivity to acid foods and 58% to spicy foods. Although most of these patients reduced the consumption of chile peppers, it is unclear whether hot or spicy food consumption had any effect on taste acuity. In view of this particular feature and of the scarcity of published data on this subject, the aim of this study was to determine the detection and recognition thresholds to the 4 basic tastes in Mexican pSS patients and compare them with a group of age-matched healthy Mexican volunteers who also consumed 'typical Mexican diets' for their entire lives. In order to establish a possible relationship between the amount of saliva with dysgeusia, total whole saliva production was also quantified in both groups.
Materials and methods

Patients and controls
In total, 21 pSS female patients (average7s.d., 53.179.8 y of age, range 28-78 y) were recruited and diagnosed at the outpatient service of the Department of Immunology and Rheumatology at the Instituto Nacional de Ciencias Médicas y Nutrició n Salvador Zubirán (INCMNSZ), a third-level hospital in Mexico City. The diagnosis of pSS was done according to criteria previously reported (Kraus & CaballeroUribe, 1992; Vitali et al, 1996) and any other metabolic or autoimmune diseases were excluded by clinical and serological studies. After the diagnosis of pSS was established, the time of evolution of the disease ranged from 1 to 25 y with an average of 8.676.6 and a median of 7 y. When indicated, some (but not all) patients received one or more of the following treatments: diuretics, anti-inflammatory drugs, aspirin, eye drops and saliva substitutes, none of which is known to affect taste perception. More importantly, none of the patients received methrotexate or D-penicillamine, antiinflammatory drugs know to interfere with saliva production and taste perception (ter Borg et al, 2002) . The Committee of Biomedical Research of the INCMNSZ previously approved the protocol of this study. All patients were nonsmokers and voluntarily accepted to participate in the study by signing an informed consent from. The control group consisted of 20 healthy age-matched nonsmoker adult women (50.3711.9, range 29-71 y), most of them personnel of the INCMNSZ, and some friends and nonblood relatives to the patients (sisters-in-law) who voluntarily accepted to participate in this study and signed an informed consent form. Most of the subjects lived in Mexico city or other cities (namely Acapulco, Queretaro and Guadalajara, just to mention a few) but all were of Mexican ancestry and had lived in the country their entire lives.
Saliva production
The amount of whole saliva produced was quantified in pSS patients and controls with the Saxon test (Kohler & Winter, 1985) , the oral equivalent of the Schirmer test. Briefly, a small piece of cotton cheesecloth, previously weighed in an analytical balance, was given to each participant who chewed it gently during exactly 2 min. The cloth was weighed again and the difference with the initial weight was recorded as the amount of saliva produced (in ml/2 min) assuming a density of 1 g/ml. The test was done twice on each participant in two different nonconsecutive days and the results were averaged.
Sensorial analyses
Sensorial analyses were done at the Sensorial Evaluation Facilities of the Department of Food Science and Technology at the INCMNSZ, whose personnel and premises are certified by the National System of Test Laboratories (SINALP-MEXICO). This facility has especially designed isolated cubicles in which light and noise are controlled so the participants can perform different sensorial tests while comfortably seated. The personnel can interact with the participants through a slide-window, also used to provide the test solutions or stimuli.
The 4 basic tastes, sweet, salty, sour and bitter were represented by solutions of sucrose, sodium chloride, citric acid and urea, respectively. All solutions were prepared with analytical grade reagents (JT Baker-MEXICO) in deionized water and stored at 41C in screw-cap glass bottles for no longer than 1 week to preserve their sensorial properties.
In order to make sure that all participants (pSS patients and controls) clearly distinguished and identified the 4 basic tastes, they were 'trained' by tasting a single, easily recognizable, suprathreshold solutions of 90 mM sucrose (sweet taste), 340 mM sodium chloride (salty taste), 3260 mM citric acid (sour taste) or 333 mM urea (bitter taste). Deionized water was used as blank. After every participant clearly distinguished and identified each taste, detection and recognition thresholds were determined using the method of least noticeable differences, also known as Test of Limits (Jellinek, 1985 , Pedrero & Pangborn, 1989 which is the sensorial test routinely used by our group to determine taste thresholds.
On the day of the tests, the participants were asked to arrive between 0900 and 1000 h without fasting and to avoid smoking, drinking any beverage including coffee, tea or refreshments or chewing gum for at least 2 h before the tests (Fox et al, 1985) . All subjects did the Saxon's test first, followed immediately by the sensorial evaluation. The tests were postponed to another day if the participants reported any sickness that could have impaired their taste performance such as fever, common cold and infections in the ear, throat or nose.
Each taste gradient consisted of 15 solutions, from 1.5 to 15.5 mM (in 1.0 mM increments) for sucrose, from 1.0 to 78 mM (in 5.5 mM increments) for sodium chloride, from 48 to 720 mM (in 48 mM increments) for citric acid and from 89 to 117 mM (in 2.0 mM increments) for urea (Amerine & Pangborn, 1965) . A volume of 10 ml of each taste gradient solution, previously brought to room temperature (22-251C), was offered to the participants in disposable plastic cups coded with random numbers, ordered in progressively higher concentration starting from deionized water as blank.
The detection threshold was defined as the solution at which the subjects clearly indicated it as different from deionized water, but not necessarily recognizing the type of stimulus. The recognition threshold was defined as the solution at which the subjects clearly identified the type of stimulus, that is, the taste.
During the tests, the slide window of the cubicle was always open to allow careful observation of the participants by the laboratory personnel, avoiding any intervention in the tasting process. When the participants detected (or recognized) the taste, they verbally informed a staff member who took note of the code on the cup. Quite often, more than one participant detected and recognized the stimulus at a unique concentration, representing both the detection and the recognition thresholds. All participants performed these tests in triplicate on three nonconsecutive days. The order in which each participant received each taste gradient solutions was assigned in advance through a simple randomization process. This was done to prevent the patient from 'cheating' by guessing which taste they were tasting by remembering the order in which they received the solutions in their previous test.
Statistical analyses
Most of the data are presented as mean7s.d. , such as the age (in years) and the amount of saliva produced (in ml/2 min). The possible differences between the pSS and control groups were analyzed with a two-way ANOVA with Fisher's test (Daly & Bourge, 1991) . The time of evolution of the disease in the pSS patients is also reported as the median and the range. The taste solution at which half of the participants (pSS patients or controls) detected or recognized the stimuli (the median) was determined for each taste. The differences between medians of detection and recognition thresholds for the 4 tastes were determined by Mann-Whitney's U-test (Daly & Bourge, 1991) .
Results
Patients and controls
Although the age of the pSS patients (53. 179.8 y) was not different from that of the control group (50.3711.9 y), there was a significant difference in the amount of saliva produced (1.3570.55 and 6.2672.41 ml/2 min, respectively, Po0.001).
Despite the marked reduction in saliva production, all pSS patients clearly detected and recognized the 4 basic tastes during the 'training' session, when offered at suprathreshold concentrations as did the control group. The detection and recognition thresholds for the 4 basic tastes in pSS patients and in the control group are shown in Figures 1-4 .
Sweet taste
The median detection threshold for pSS patients (7.5 mM). was significantly higher (Po0.02) than for the control group (5.5 mM) (Figure 1a ). On the other hand, despite being slightly higher, the median recognition threshold for the control group (9.5 mM) was not significantly different from that of the pSS patients (7.5 mM) (Figure 1b) . It is important to note that two pSS patients did not recognize this taste within the gradient concentrations tested. However, since Mann-Whitney's U-test compares medians, the results from these two patients did not affect neither the results, nor the outcome.
Salty taste
The medians for detection thresholds (Figure 2a) were similar in both groups (6.5 mM), while the recognition thresholds ( Figure 2b ) were significantly higher for pSS patients (17.5 mM, Po0.001) than for the control group that detected and recognized the salty taste at the same concentration (6.5 mM).
Sour taste
The detection and recognition thresholds for this taste in pSS patients were at the same citric acid concentration (240 mM). These were significantly higher (Po0.01) than the detection and recognition thresholds in the control group, which also were at the same concentration (144 mM) (Figures 3a and b) .
Bitter taste
The detection and recognition thresholds for this taste in pSS patients were the same (103 mM) and significantly higher (Po0.001) than those of the control group (95 mM) (Figures  4a and b) .
Oral symptoms and dysgeusia
The group of pSS patients that we studied complained of several oral symptoms that are in agreement with what has been reported by Soto-Rojas et al (1998) . Despite this high occurrence of oral symptoms, we could not establish a relationship between the time of evolution of the disease with the presence of oral symptoms, with the amount of saliva produced or with the degree of dysgeusia for each taste in the pSS patients (data not shown). Similarly, the two-way ANOVA showed no relationship between the age and the thresholds to the 4 basic tastes in both pSS patients and controls. Table 1 summarizes our results and the results from two previous studies. In all these studies, detection (Henkin et al, 1972; Weiffenbach et al, 1995) and recognition (Henkin et al, 1972) thresholds for the 4 basic tastes were higher in SS patients than in the control group.
Discussion
The principal oral symptom of Sjögren's syndrome is dryness (xerostomia). Despite the fact that most of pSS patients report problems in taste perception (dysgeusia), a Pub Med search between 1970 and 2003 with 'Sjogren and Taste' produced only 20 references. Two of these references (Henkin et al. 1972; Weiffenbach et al, 1995) were the only studies in which taste thresholds were determined, therefore, comparable to this study. It is important to note that six of the results were general reviews on the management or the treatment of Sjögren's syndrome, and some were written in Spanish, French, Japanese and even in Bulgarian. This shows the scarcity of studies about the symptoms of Sjögren's syndrome and alterations in taste perception.
In this study, we determined the detection and recognition thresholds to the 4 basic tastes in 21 Mexican female patients with pSS and in 20 healthy age-matched volunteers. Despite the marked reduction in the amount of saliva produced, the time of the evolution of the disease and variable degrees of oral symptoms, all pSS patients were able to recognize the 4 basic tastes, when these were tested at suprathreshold concentrations. It has been suggested that a decrease in saliva production may be related to a reduction in the number, morphology and function of gustatory papillae in healthy elderly individuals (Kamath, 1982) . However, since both pSS patients and the control group were of similar age, this did not seem to be the case. Therefore, the observed changes in taste acuity in pSS patients may be attributed only to the disease. The intra-individual variation to the test employed (Test of Limits) depended on the stimulus being tested. For instance, the results obtained for the detection and recognition thresholds for the sour and bitter tastes were identical in more than half (52%) of the pSS patients during the 3 nonconsecutive days on which these tests were performed. On the other hand, a lot of intra-subject variability was observed with the sweet taste, since most of the results obtained from each patient were different. For data analysis, regardless of the taste under study or whether it was the detection or recognition threshold, if the results from the 3 days were identical, these were considered as the individual response for that particular stimulus. In the case that two of the results were identical and one was different, the two identical results were considered as the individual response for that particular taste. However, if the three results were different (particularly for the sweet taste), the two closer results were averaged and recorded as the individual response for the taste under investigation.
In agreement with two previous reports (Henkin et al, 1972 , Weiffenbach et al, 1995 this study shows that pSS patients are dysgeusic for the 4 basic tastes (Table 1) . However, it is not possible to make objective comparisons between the three studies for different reasons. First, all 21 patients whom we studied had pSS and they were sex-and age-matched with healthy volunteers, whereas the other two studies contained a mixed population of patients (pSS and secondary Sjögren's syndrome). Secondly, in our study we used the method of least noticeable differences (test of limits) to determine the thresholds, while the other two studies used the 'forced-choice' procedure. Lastly, the stimuli used for the bitter and sour tastes were not the same for all three studies.
As shown in Figures 1-4 , taste acuity in pSS patients varied greatly depending on the taste being tested. A brief discussion on each taste follows.
Sweet taste
Although the median for the detection threshold was higher for the pSS patients than the median for the control group (7.5 and 5.5 mM sucrose, respectively) (Po0.02), the responses were very homogeneous between the two groups. Four out of the 20 individuals of the control group detected this taste with as little as 3.5 mM sucrose, whereas two required 11.5 mM to detect it. In the case of pSS patients, two out of the 21 patients detected 5.5 mM sucrose and one patient detected it at 14.5 mM (Figure 1a) .
The median recognition threshold in the control group (9.5 mM) was slightly higher than the median for the pSS patients (7.5 mM) but they were not significantly different. This was due to the homogeneous, almost overlapping, responses in both groups (Figure 1b) : one pSS patient and one control subject recognized the sweet taste at 4.5 mM sucrose, while one pSS patient and one control subject recognized it at the highest concentration tested (15.5 mM). Only two pSS patients did not recognize the sweet taste within the range of concentrations tested but, as mentioned previously, they did recognize it at 90 mM sucrose that was the suprathreshold concentration used for 'training'. Based on this results and the homogeneous response between both the groups, we conclude that pSS patients are mildly dysgeusic for the sweet taste.
Salty taste
As did the control subjects, pSS patients clearly distinguished dilute sodium chloride solutions from water but required higher concentrations to recognize it. All 20 individuals of the control group and 15 pSS patients detected the salty taste at 6.5 mM NaCl (Figure 2a) . However, the median recognition threshold for the pSS patients was at 17.5 mM NaCl, whereas the control group (18 individuals) recognized it at 6.5 mM NaCl (Po0.001) (Figure 2b ). Based on these results, we conclude that pSS patients are mildly dysgeusic for the salty taste. This may not have a significant impact on their lives because pSS patients had already reduced the amount of salt (table and cooking salt) to alleviate the burning sensation it produces on their irritated tongue and oral mucosa. It has been shown in normal subjects that sodium ions (Na þ ) potentiate the sweet taste while at the same time selectively suppress the bitterness found in some foods (certain vegetables, oily foods and meat) (Breslin & Beauchamp, 1997) . However, the reduction in salt consumption reported by this group of pSS patients is a response to alleviate painful oral symptoms rather than to enhance other flavours. Figure 3 shows that pSS patients are clearly dysgeusic for the sour taste. Whereas, one control subject was able to detect citric acid at 48 mM, 12 pSS patients first detected it at 240 mM (Po0.01) which was also the median for detection (Figure 3a) . Similarly, 12 subjects of the control group recognized this taste at 144 mM citric acid, whereas 17 pSS patients had a median recognition threshold at 240 mM (Po0.01) and one pSS patient recognized it at 624 mM ( Figure 3b) . Although 68% of Mexican pSS patients complained of sensitivity to acid foods (Soto-Rojas et al, 1998) this might be attributed to mucosal irritation rather than to impairment in taste acuity. Our results show that Mexican pSS patients do not detect low concentrations of citric acid, which is one of the main components found in citrous fruits and other foods. Furthermore, our patients reported a reduction in the consumption of these types of foods in order to cope with the irritation of the oral mucosa, and only a few of the patients eliminate citrous fruits completely from their diets.
Sour taste
Bitter taste
As shown for the sour taste, pSS patients were also clearly dysgeusic for the bitter taste. There are two clearly different responses between the control subjects and the pSS patients (Figures 4a and b) : 17 subjects of the control group detected and recognized the bitter taste at 95 mM urea while 18 pSS patients required higher concentrations to recognize it (103 mM, Po0.001).
Despite being dysgeusic under the conditions of the present study, all pSS patients and all control subjects detected and recognized the 4 basic tastes at suprathreshold concentrations and had no problem to distinguish them, supporting the idea that dysgeusia at near threshold concentrations in pSS patients is not related to perception in day-to-day life conditions (Weiffenbach and Fox, 1993) .
Lack of association between xerostomia and dysgeusia
In previous studies, it was suggested that saliva was necessary to maintain normal taste acuity (Henkin et al, 1972) , while in others such relationship between salivary loss and taste complaints was not found (Weiffenbach et al, 1995) . More importantly, a significant correlation between subjective oral dryness and salivary flow rates has been observed in 70% of the SS patients (Vissink et al, 1987) . In order to help clarify this point, we analyzed the possible association between the amount of saliva and the time of evolution of the disease with the individual thresholds for each taste in each pSS patient, but no relationship was found (r ¼ 0.34, P40.05).
The amount of saliva produced by the pSS patients was 1.3570.55 ml/2 min, which was significantly lower than that in the control group (6.2672.41 ml/2 min, Po0.001). However, while some patients had the lowest amount of saliva or the longest time with the disease, they did not necessarily have the highest detection or recognition thresholds for a particular taste. This lack of association between salivary function and taste impairment was also reported by Weiffenbach et al (1995) .
As previously stated, the response of the pSS patients to the sweet and salty tastes was very similarFalmost overlappingFto the control group (Figures 1 and 2 ) but strikingly different for the sour and bitter tastes (Figures 3 and 4) . These distinctive responses of the pSS patients, that is, mildly dysgeusic to the sweet and salty tastes and clearly dysgeusic to the sour and bitter, rule out any effect that the time of evolution of the disease or the amount of saliva might have on their taste acuity. Although the pSS patients may have difficulties discriminating between water and a solution containing barely detectable amounts of a substance, they might taste stronger solutions normally as evidenced by their ability to detect and distinguish the 4 basic tastes at suprathreshold concentrations.
Although our single-component aqueous system showed that pSS patients experienced some degree of dysgeusia, this could be negligible in real-life conditions. In other words, the subtle changes in taste acuity detected in the laboratory may not be related to the quality of taste perception during their daily lives, such as the amount of sugar required to sweet their coffee or table salt added to condiment their meals (Figures 1 and 2) .
Consumption of chile peppers and taste acuity
The type and variety of chile peppers in Mexico are very extensive as is their ubiquitous presence in almost everyday meal. It is widely known that in the Mexican cuisine, chile peppers are basic ingredients either at the time of preparation of every dish or added at the table in the form of salsas or fresh chile.
In a recent study, Soto-Rojas et al (1998) reported that 58% of Mexican pSS patients complained of sensitivity to spicy foods. In our study, regardless of their site of residence, both pSS patients and control subjects had lived in the country and consumed typical 'Mexican diets' their entire lives. This allowed us to investigate if the customary consumption of chile peppers had an effect on the taste perception and acuity of pSS patients. When asked, most of our patients reported they simply changed the way they consumed chile peppers rather than eliminate them completely from their diets. Only a few of the patients stopped consuming them. The main reason for this change in dietary habits was the burning sensation that chile peppers produced in their irritated tongue and oral mucosa. Among those patients who continued to consume chile peppers, they reported using less amounts of chile, adding more water when making salsas or eating them concealed by other foods in the form of tacos.
As already stated, all pSS patients and controls detected and distinguished the 4 basic tastes when tested at suprathreshold concentrations. Despite suffering mild dysgeusia, our results show that the customary consumption of chile peppers and spicy foods does not have a detrimental effect on taste perception or taste acuity in pSS patients, particularly in the case of the sweet and salty tastes (Figures 1  and 2 ).
Although our study shows that chile pepper consumption does not play a role in taste perception and acuity, the reduction in their consumption, as well as that of citrous fruits, can result in lower intakes of some nutrients such as vitamin C. However, vitamin C can be easily replaced with other food sources so its deficiency is not as common as that of other water-soluble vitamins (Tovar et al, 2002) .
It can be safely stated that these pSS patients would prefer not to consume 'Mexican food' (or any other ethnic spicy food) in order to reduce the burning sensation that chile peppers and other hot spices and condiments produce on their tongue and oral mucosa. Rather than being sensorial or nutritional issues, the reduction or elimination of chile peppers and other condiments from the diet of Mexican pSS patients is more important from a cultural point of view, because their meals 'do not taste the same without chilito'.
